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(57) ABSTRACT 

An adhesive composition comprising (a) an acidic group 
containing polymerizable monomer; (b) a polymerizable 
monomer represented by the general formula (I): 

(I) 

HC 

wherein R is hydrogen atom or methyl group; R is a 
halogen atom, hydroxyl group, mercapto group or 
-O-R-OH group, wherein R is an alkylene group 
having 6 to 25 carbon atoms, and Y is oxygen atom or Sulfur 
atom; and (c) a hydrophilic polymerizable monomer, 
wherein the weight ratio of the polymerizable monomer 
(b)/acidic group-containing polymerizable monomer (a) is 
0.001 to 0.5. The adhesive composition of the present 
invention can be suitably used for bonding a hard tissue with 
a resin material in the medical field and the dental field. 
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ADHESIVE COMPOSITION 

0001. This application is a continuation-in-part applica 
tion of PCT/JP00/08075, the entire contents of which are 
incorporated herein by reference. 

BACKGROUND OF THE INVENTION 

0002) 1. Field of the Invention 
0003. The present invention relates to an adhesive com 
position for hard tissues used in the medical and dental 
fields, showing Strong adhesion to hard tissueS Such as bone, 
nail and tooth, and being excellent in peripherical Sealability. 
More specifically, the present invention relates to a dental 
adhesive composition which is usually used for bonding to 
a tooth a resin material Such as a dental bonding material, a 
dental luting material, a dental composite resin or a dental 
compomer, especially for the purpose of giving tooth excel 
lent peripherical Sealability in Odontotherapy. 

0004 2. Discussion of the Related Art 
0005. In the restoration of teeth damaged by caries or the 
like, there have been used a filling restorative material which 
is a So-called filling composite resin or filling compomer, a 
crown restorative material Such as a dental metal alloy, 
porcelain or a resin material, and the like. However, Since 
these filling restorative materials and crown restorative 
materials themselves do not exhibit adhesive properties, 
conventionally various dental adhesives have been used. 
Among them, there has been preferably employed a So 
called acidic etching-type adhesive System in which a tooth 
Surface is treated with a Strong acidic etching agent Such as 
phosphoric acid, and thereafter a bonding material is applied 
thereto for adhesion. 

0006. However, there are some defects in the above 
method of treating with the acidic etching agent, Such that 
Washing with water for Sufficiently removing the acid and 
drying again are necessitated after the treatment. Therefore, 
there is a defect that its procedures are complicated. Accord 
ing to the adhesive System using an acidic etching agent, 
adhesive properties for enamel would be improved. How 
ever, it is difficult to give dentin high adhesive Strength and 
excellent peripherical Sealability. 
0007. The term “peripherical sealability” as referred to 
herein means Sealing ability of an adhesive at the bonding 
portion (peripherical portion). The peripherical Sealability 
can be evaluated by immersing a Sample in a Solution of a 
colorant, for instance, an aqueous basic fuchsine Solution. 
When the clearance of the bonding portion between a tooth 
and an adhesive is large, a large amount of the colorant 
penetrates into the clearance, So that the adherent is remark 
ably colored at the peripherical portion. When the adherent 
is colored as described above, it is thought that the clearance 
gives one of causations for Secondary caries by the invasion 
of bacteria or foreign Substances giving a harmful effect on 
adhesive properties into the clearance. 
0008 AS techniques using other adhesives, there have 
been proposed in Japanese Patent Laid-Open Nos. Sho 
62-223289 and Hei 3-240712 an adhesive system in which 
a tooth is treated with a primer composition composed of an 
acid or acidic monomer in place of the acidic etching agent, 
and a hydrophilic monomer, and thereafter a bonding mate 
rial is applied to the tooth without the procedure of Washing 
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with water, i.e. a So-called adhesive System using a Self 
etching primer. In this adhesive System, adhesive properties 
and peripherical Sealabilities have been improved to Some 
extent especially for dentin. 
0009. However, in this adhesive system, the durability 
cannot be said to be enough even though the Self-etching 
primer is used. Accordingly, there often occurs deterioration 
in peripherical Sealability when the lowering of adhesive 
Strength is Small in the durability test of adhesive Strength. 
Therefore, there are often caused Some problems in clinics 
Such that leakage is caused between the tooth and the 
restorative material after the passage of a given time period 
from restoration, and that caries again progresses from the 
peripherical portion, thereby generating a So-called Second 
ary caries. Therefore, in recent years, there have been 
desired further improvements in Sealability at the peripheri 
cal portion. 
0010. An object of the present invention is to provide an 
adhesive composition for hard tissues, which exhibits excel 
lent adhesive properties for hard tissues, especially tooth 
Such as enamel, dentin or cement, and which is especially 
excellent in peripherical Sealability. 
0011. These and other objects of the present invention 
will be apparent from the following description. 

SUMMARY OF THE INVENTION 

0012. The present invention relates to an adhesive com 
position comprising: 

0013 (a) at least one acidic group-containing poly 
merizable monomer Selected from the group consist 
ing of a phosphate group-containing polymerizable 
monomer, a pyrophosphate group-containing poly 
merizable monomer, a thiophosphate group-contain 
ing polymerizable monomer and a Sulfonate group 
containing polymerizable monomer; 

0014 (b) a polymerizable monomer represented by 
the general formula (I): 

(I) 

HC 

0015 wherein R' is hydrogen atom or methyl group; R 
is a halogen atom, hydroxyl group, mercapto group or 
-O-R-OH group, wherein R is an alkylene group 
having 6 to 25 carbon atoms, and Y is oxygen atom or Sulfur 
atom; and 

0016 (c) at least one hydrophilic polymerizable 
monomer Selected from the group consisting of 
hydroxyalkyl (meth)acrylates having an alkylene 
group of 2 or 3 carbon atoms, di-, tri- or tetra 
hydroxy (meth)acrylates having an alkylene group of 
3 to 5 carbon atoms, mono-, di- or tri-hydroxy 
di(meth)acrylates having an alkylene group of 3 to 5 
carbon atoms, (meth)acryloyloxyalkyl trialkylam 
monium halides having an alkylene group of 2 to 20 
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carbon atoms, (meth)acrylamides; mono- or di(hy 
droxyalkyl) (meth)acrylates having 2 or 3 carbon 
atoms; and polyethylene glycol di(meth)acrylates 
having at least 9 oxyethylene groups, 

0017 wherein the weight ratio of the polymerizable 
monomer (b)/acidic group-containing polymerizable mono 
mer (a) is 0.001 to 0.5. 

DETAILED DESCRIPTION OF THE 
INVENTION 

0.018. The acidic group-containing polymerizable mono 
mer (a) is a component for giving teeth excellent adhesive 
property. 

0019. It is preferable that the acidic group-containing 
polymerizable monomer (a) has at least one polymerizable 
unsaturated group Selected from the group consisting of 
acryloyl group, methacryloyl group, Vinyl group and Vinyl 
benzyl group. Among them, acryloyl group or methacryloyl 
group is preferable. In the present specification, the term 
“(meth)acryl” collectively expresses both methacryl and 
acryl. 
0020. The acidic group of the acidic group-containing 
polymerizable monomer (a) includes at least one member 
Selected from the group consisting of phosphate group, 
pyrophosphate group, thiophosphate group and Sulfonate 
grOup. 

0021 Concrete examples of the acidic group-containing 
polymerizable monomer (a) include a phosphate group 
containing polymerizable monomer, a pyrophosphate group 
containing polymerizable monomer, a thiophosphate group 
containing polymerizable monomer and a Sulfonate group 
containing polymerizable monomer. 
0022 Concrete examples of the phosphate group-con 
taining polymerizable monomer include 6-(meth)acryloy 
loxyhexyl dihydrogen phosphate, 7-(meth)acryloyloxyhep 
tyl dihydrogen phosphate, 8-(meth)acryloyloxyoctyl 
dihydrogen phosphate, 9-(meth)acryloyloxynonyl dihydro 
gen phosphate, 10-(meth)acryloyloxydecyl dihydrogen 
phosphate, 11-(meth)acryloyloxyundecyl dihydrogen phos 
phate, 12-(meth)acryloyloxydodecyl dihydrogen phosphate, 
16-(meth)acryloyloxyhexadecyl dihydrogen phosphate, 
20-(meth)acryloyloxyeicosyl dihydrogen phosphate, 
di(meth)acryloyloxyhexyl hydrogen phosphate, 
di(meth)acryloyloxyheptyl hydrogen phosphate, 
di(meth)acryloyloxyoctyl hydrogen phosphate, 
di(meth)acryloyloxynonyl hydrogen phosphate, 
di(meth)acryloyloxydecyl hydrogen phosphate, 6-(meth 
)acryloyloxyhexyl methylhydrogen phosphate, 6-(meth 
)acryloyloxyhexyl ethylhydrogen phosphate, 8-(meth)acry 
loyloxyoctyl methylhydrogen phosphate, 
10-(meth)acryloyloxydecyl methylhydrogen phosphate, 
10-(meth)acryloyloxydecyl ethylhydrogen phosphate, 
10-(meth)acryloyloxydecyl phenylhydrogen phosphate, 1,3- 
di(meth)acryloyloxypropyl-2-dihydrogen phosphate, 
2-(meth)acryloyloxyethyl phenylhydrogen phosphate, 
2-(meth)acryloyloxyethyl 2-bromoethylhydrogen phos 
phate, (meth)acryloyloxyethyl phenyl phosphonate, 
2-(meth)acryloyloxyethyl hexylhydrogen phosphate, 
2-(meth)acryloyloxyethyl octylhydrogen phosphate, 
2-(meth)acryloyloxyethyl decylhydrogen phosphate, and the 
like; (5-methacryloxy)pentyl-3-phosphonopropionate, 
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(6-methacryloxy)hexyl-3-phosphonopropionate, (10-meth 
acryloxy)decyl-3-phosphonopropionate, (6-methacryloxy 
)hexyl-3-phosphonoacetate, (10-methacryloxy)decyl-3- 
phosphonoacetate, and the like described in Japanese Patent 
Laid-Open No. Hei 3-294286; 2-methacryloxyethyl 
(4-methoxyphenyl)hydrogen phosphate, 2-methacrylox 
ypropyl (4-methoxyphenyl)hydrogen phosphate, and the 
like described in Japanese Patent Laid-Open No. Sho 
62-281885; phosphate group-containing polymerizable 
monomers and their acid chlorides exemplified in Japanese 
Patent Laid-Open Nos. Sho 52-113089, Sho 53-67740, Sho 
53-69494, Sho 53-144939, Sho 58-128393 and Sho 
58-192891; and the like. 
0023 Concrete examples of the pyrophosphate group 
containing polymerizable monomer include di2-(meth 
)acryloyloxyethyl pyrophosphate, diA-(meth)acryloyloxy 
butyl pyrophosphate, di 6-(meth)acryloyloxyhexyl 
pyrophosphate, dis-(meth)acryloyloxyoctyl pyrophos 
phate, di9-(meth)acryloyloxynonyl pyrophosphate, di10 
(meth)acryloyloxydecyl pyrophosphate, di10-(meth)acry 
loyloxyundecyl pyrophosphate, and their acid chlorides, 
and the like. 

0024 Concrete examples of the thiophosphate group 
containing polymerizable monomer include 6-(meth)acry 
loyloxyhexyl dihydrogen dithiophosphate, 8-(meth)acryloy 
loxyoctyl dihydrogen dithiophosphate, 
9-(meth)acryloyloxynonyl dihydrogen dithiophosphate, 
10-(meth)acryloyloxydecyl dihydrogen dithiophosphate, 
and their acid chlorides, and the like. 
0025 Concrete examples of the sulfonate group-contain 
ing polymerizable monomer include 2-(meth)acrylamide-2- 
methylpropanesulfonic acid, StyreneSulfonic acid, 2-Sulfo 
ethyl (meth)acrylate, 6-sulfohexyl (meth)acrylate, 
p-(meth)acryloyloxybenzenesulfonic acid, and the like. 
0026. Any of the acidic group-containing polymerizable 
monomers (a) can be used alone or in combination of at least 
two kinds. 

0027. Among the acidic group-containing polymerizable 
monomers (a), the phosphate group-containing polymeriz 
able monomer, especially a phosphate group-containing 
polymerizable monomer represented by the general formula 
(II): 

II 
R4 O (II) 

o-R-O--or 
HC 

OH 

0028) wherein R' is hydrogen atom or methyl group; R 
is an alkylene group having 6 to 25 carbon atoms; and R is 
hydrogen atom, an alkyl group or phenyl group, can be 
Suitably used, because there are exhibited excellent adhesive 
property, adhesion durability, and peripherical Sealability for 
enamel and dentin. It is desired that the number of carbon 
atoms of the alkyl group represented by R is 1 to 20, 
preferably 1 to 10. 
0029. It is preferable that the content of the acidic group 
containing polymerizable monomer (a) in the adhesive com 
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position of the present invention is 1 to 70% by weight, 
preferably 5 to 60% by weight, more preferably 10 to 50% 
by weight, from the Viewpoints of improvements in adhesive 
Strength and peripherical Sealability for teeth. 
0030 The polymerizable monomer (b) is a component 
capable of improving peripherical Sealability. AS the poly 
merizable monomer (b), there is used a polymerizable 
monomer represented by the general formula (I): 

(I) 

HC 

0031) wherein R' is hydrogen atom or methyl group; R 
is a halogen atom, hydroxyl group, mercapto group or 
-O-R-OH group, wherein R is an alkylene group 
having 6 to 25 carbon atoms, and Y is oxygen atom or Sulfur 
atOm. 

0.032 Representative examples of the polymerizable 
monomer represented by the general formula (I) include a 
hydroxyl group-containing polymerizable monomer repre 
sented by the general formula (III): 

(III) 

O-R-OH 
HC 

0033 wherein R is hydrogen atom or methyl group; and 
R’ is an alkylene group having 6 to 25 carbon atoms; and a 
polymerizable monomer represented by the general formula 
(IV): 

(IV) 

HC 

0034) wherein R is hydrogen atom or methyl group; R 
is a halogen atom, hydroxyl group or mercapto group; and 
Y is oxygen atom or Sulfur atom. These can be each used 
alone or in combination of at least two kinds. 

0.035 Concrete examples of the hydroxyl group-contain 
ing polymerizable monomer represented by the general 
formula (III) include 6-hydroxyhexyl (meth)acrylate, 7-hy 
droxyheptyl (meth)acrylate, 8-hydroxyoctyl (meth)acrylate, 
9-hydroxynonyl (meth)acrylate, 10-hydroxydecyl (meth 
)acrylate, 11-hydroxyundecyl (meth)acrylate, 12-hydroxy 
dodecyl (meth)acrylate, 16-hydroxyhexadecyl (meth)acry 
late, 20-hydroxyeicosyl (meth)acrylate, and the like. These 
can be used alone or in combination of at least two kinds. 
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Among the hydroxyl group-containing polymerizable 
monomers represented by the general formula (III), 8-hy 
droxyoctyl (meth)acrylate, 10-hydroxydecyl(meth)acrylate, 
12-hydroxydodecyl (meth)acrylate and 16-hydroxyhexade 
cyl (meth)acrylate can be Suitably used. 
0036 Concrete examples of the polymerizable monomer 
represented by the general formula (IV) include (meth 
)acrylic acid, (meth)acrylic acid chloride, (meth)acrylic acid 
bromide, 2-methylpropenethionic acid, 2-methylpropene 
dithionic acid, propenethionic acid, propenedithionic acid, 
and the like. These can be used alone or in combination of 
at least two kinds. Among the polymerizable monomers 
represented by the general formula (IV), acrylic acid and 
methacrylic acid are preferable. 

0037. In the present invention, it is preferable that the 
hydroxyl group-containing polymerizable monomer repre 
sented by the general formula (III) is used together with the 
polymerizable monomer represented by the general formula 
(IV), from the viewpoint of improvement in peripherical 
Sealability. In this case, it is preferable that the weight ratio 
of the hydroxyl group-containing polymerizable monomer 
represented by the general formula (III)/the polymerizable 
monomer represented by the general formula (IV) is 0.005 
to 200, preferably 0.05 to 20, from the viewpoint of 
improvement in peripherical Sealability. 

0038. In addition, it is preferable that the phosphate 
group-containing polymerizable monomer represented by 
the general formula (II) is used as the acidic group-contain 
ing polymerizable monomer (a), and that the hydroxyl 
group-containing polymerizable monomer represented by 
the general formula (III) is used as the polymerizable 
monomer (b), from the viewpoint of improvement in the 
peripherical Sealability. In this case, it is preferable that the 
group R in the phosphate group-containing polymerizable 
monomer represented by the general formula (II) is identical 
to R' in the hydroxyl group-containing polymerizable 
monomer represented by the general formula (III), from the 
Viewpoint of further increasing the durability of peripherical 
sealability. In addition, it is preferable that the number of 
carbon atoms of the alkylene group of R in the hydroxyl 
group-containing polymerizable monomer represented by 
the general formula (III) is 8 to 25, from the viewpoints of 
further increasing the adhesion durability and the peripheri 
cal Sealability. 

0039. In the present invention, the ratio of the acidic 
group-containing polymerizable monomer (a) to the poly 
merizable monomer (b) is important. The weight ratio of the 
polymerizable monomer (b)/the acidic group-containing 
polymerizable monomer (a) is adjusted to 0.001 to 0.5, 
preferably 0.005 to 0.3, more preferably 0.01 to 0.1, from the 
Viewpoints of increasing the peripherical Sealability and 
adhesive Strength. 
0040. The hydrophilic polymerizable monomer (c) used 
in the present invention refers to a compound having a 
solubility of at least 10%, more preferably at least 30% in 
water of 25 C. 

0041 Concrete examples of the hydrophilic polymeriz 
able monomer (c) include hydroxyalkyl (meth)acrylates 
having an alkylene group of 2 or 3 carbon atoms, Such as 
2-hydroxyethyl (meth)acrylate, 2-hydroxypropyl (meth 
)acrylate and 3-hydroxypropyl (meth)acrylate, di-, tri- or 
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tetra-hydroxy (meth)acrylates having an alkylene group of 3 
to 5 carbon atoms, Such as 1,3-dihydroxypropyl (meth)acry 
late, 2,3-dihydroxypropyl (meth)acrylate, 1,2,3-trihydroxy 
butyl (meth)acrylate and pentaerythritol mono(meth)acry 
late; mono-, di- or tri-hydroxy di(meth)acrylates having an 
alkylene group of 3 to 5 carbon atoms, Such as 2-hydrox 
ypropyl-1,3-di(meth)acrylate, 3-hydroxypropyl-1,2- 
di(meth)acrylate and 2,3-dihydroxybutyl-1,4-di(meth)acry 
late; (meth)acryloyloxyalkyl trialkylammonium halides 
having an alkylene group of 2 to 20 carbon atoms, Such as 
(meth)acryloyloxyethyl trimethylammonium chloride, 
(meth)acryloyloxyethyl triethylammonium chloride, (meth 
)acryloyloxybutyl trimethylammonium chloride, (meth 
)acryloyloxyhexyl trimethylammonium bromide, (meth 
)acryloyloxydecyl trimethylammonium chloride and 
(meth)acryloyloxyhexadecyl trimethylammorium chloride; 
(meth)acrylamides; mono- or di-(hydroxyalkyl) (meth)acry 
lates having 2 or 3 carbon atoms, Such as 2-hydroxyethyl 
(meth)acrylamide, di(2-hydroxyethyl) (meth)acrylamide 
and 3-hydroxypropyl (meth)acrylamide, and polyethylene 
glycol di(meth)acrylates having at least 9 oxyethylene 
groups, Such as polyethylene glycol di(meth)acrylate having 
9 oxyethylene groups, polyethylene glycol di(meth)acrylate 
having 14 oxyethylene groups and polyethylene glycol 
di(meth)acrylate having 23 oxyethylene groups, and the like. 
These can be used alone or in combination of at least two 
kinds. Among the hydrophilic polymerizable monomers (c), 
a preference is given to hydrophilic polymerizable mono 
mers of which alkylene group has 1 to 3 carbon atoms, from 
the viewpoint of improvement in penetrability to the teeth. 

0042. It is desired that the content of the hydrophilic 
polymerizable monomer (c) in the adhesive composition of 
the present invention is 5 to 95% by weight, preferably 10 
to 90% by weight, more preferably 15 to 70% by weight, 
from the Viewpoints of improvements in adhesive property 
and peripherical Sealability. 

0043. The adhesive composition of the present invention 
may contain water (d) as occasion demands. When water (d) 
is contained in the adhesive composition, adhesive property 
and peripherical Sealability for teeth can be improved. 

0044) Water (d) may be any of those which do not 
Substantially contain impurities which give wrong influ 
ences to the exhibition of adhesive strength between the 
teeth and the restorative material. Water (d) is preferably 
distilled water or ion-exchanged water. 

0045. It is desired that the content of water (d) in the 
adhesive composition of the present invention is usually 0.1 
to 80% by weight, preferably 0.5 to 70% by weight, more 
preferably 1 to 60% by weight, from the viewpoints of 
improvements in adhesive property and peripherical Seal 
ability for teeth. 

0046. In the present invention, when the adhesive com 
position is very thinly spread over the tooth Surface with a 
dental air Syringe or the like after the adhesive composition 
is applied to the tooth Surface, the adhesive composition can 
be cured together with a dental bonding material, a dental 
luting material and a dental composite resin at the same 
time, So that a polymerization initiator is not necessarily 
required. 

0047. However, when the adhesive composition of the 
present invention is used in combination with a dentalluting 
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material comprising a redox chemical polymerization ini 
tiator, it is preferable that a reducing agent and/or an 
oxidizing agent is contained in the adhesive composition 
from the Viewpoint of improvement in adhesive property. 

0048. In addition, when the adhesive composition of the 
present invention is coated in a thickness of at least 10 um, 
it is preferable that a polymerization initiator (e) is contained 
in the adhesive composition. 
0049. As the polymerization initiator (e), there can be 
employed a known photopolymerization initiator and/or 
chemical polymerization initiator. 
0050. The photopolymerization initiator includes, for 
instance, C.-diketones, ketals, thioxanthones, acylphosphine 
oxides, coumarines, halomethyl group-Substituted-S-triazine 
derivatives, and the like. 

0051 Examples of the O.-ketones include cam 
phorquinone, benzyl, 2,3-pentadione, and the like. 
0052 Examples of the ketals include benzyl dimethyl 
ketal, benzyl diethyl ketal, and the like. Examples of the 
thioxanthones include 2-chlorothioxanthone, 2,4-diethylth 
ioxanthone, and the like. 
0053 Examples of the acylphosphine oxides include, for 
instance, 2,4,6-trimethylbenzoyldiphenylphosphine oxide, 
2,6-dimethoxybenzoyldiphenylphosphine oxide, 2,6-dichlo 
robenzoyldiphenylphosphine oxide, 2,3,5,6-tetramethylben 
Zoyldiphenylphosphine oxide, benzoyl di-(2,6-dimethylphe 
nyl) phosphonate, 2,4,6- 
trimethylbenzoylethoxyphenylphosphine oxide, water 
Soluble acylphosphine oxide compounds disclosed in 
Japanese Examined Patent Publication No. Hei3-57916, and 
the like. 

0054 Examples of the coumarines include compounds 
listed in Japanese Patent Laid-Open No. Hei 10-245525, 
such as 3,3'-carbonylbis(7-diethylamino)coumarine, 3-(4- 
methoxybenzoyl)coumarine, 3-thienoylcoumarine, and the 
like. 

0055 Examples of the halomethyl group-substituted-s- 
triazine derivatives include compounds listed in Japanese 
Patent Laid-Open No. Hei 10-245525, such as 2,4,6-tris 
(trichloromethyl)-S-triazine, 2,4,6-tris(tribromomethyl)-S- 
triazine and 2-methyl-4,6-bis(trichloromethyl)-S-triazine. 
0056. In addition, when the photopolymerization is car 
ried out by ultraViolet ray irradiation, a benzoyl alkyl ether, 
a benzoyl dimethyl ketal or the like is preferable as a 
photopolymerization catalyst. 

0057 The photopolymerization initiator can be used 
alone or in combination of at least two kinds. 

0058. The content of the photopolymerization initiator in 
the adhesive composition of the present invention is not 
limited to specified ones. It is desired that the content is 
usually 0.01 to 10% by weight, preferably 0.1 to 5% by 
weight. 

0059 When the photopolymerization initiator is used as 
the polymerization initiator (e), the photopolymerization 
initiator may be used alone. However, in order to further 
accelerate photo-thermosetting properties, it is preferable 
that the photopolymerization initiator is used together with 
a reducing agent. 
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0060. The reducing agent includes tertiary amines, alde 
hydes, thiol group-containing compounds, and the like. 
0061 Examples of the tertiary amines include 2-dimethy 
laminoethyl methacrylate, N,N-bis(meth)acryloyloxy 
ethyl-N-methylamine, ethyl 4-dimethylaminobenzoate, 
butyl 4-dimethylaminobenzoate, butoxyethyl is 4-dimethy 
laminobenzoate, N-methyldiethanolamine, 4-dimethylami 
nobenzophenone, and the like. 
0062) Examples of the aldehydes include dimethylami 
nobenzaldehyde, terephthalaldehyde, and the like. 
0.063 Examples of the thiol group-containing compounds 
include 2-mercaptobenzoxazole, decanethiol, 3-mercapto 
propyltrimethoxysilane, thiobenzoic acid, and the like. 
0064. These reducing agents can be used alone or in 
combination of at least two kinds. 

0065. The content of the reducing agent in the adhesive 
composition of the present invention is not limited to 
specified ones. It is desired that the content is usually 0.01 
to 10% by weight, preferably 0.05 to 7% by weight, more 
preferably 0.1 to 5% by weight. 
0.066. In addition, as the chemical polymerization initia 
tor, for instance, there can be Suitably used a redox poly 
merization initiator comprising an oxidizing agent and a 
reducing agent. 
0067. When the redox polymerization initiator is used, 
there is a necessity to divide the adhesive composition into 
at least two wrapped portions. However, when the adhesive 
composition of the present invention is used together with 
the other material, for instance, a restorative material Such as 
a dental bonding material, a composite resin, a compomer, 
a resin for denture base, a resin cement or a resin-reinforce 
able glass ionomer cement, it is possible to include only one 
of the oxidizing agent and the reducing agent in the adhesive 
composition, as long as at least one of the oxidizing agent 
and the reducing agent is contained in the restorative mate 
rial. 

0068 The oxidizing agent includes, for instance, organic 
peroxides Such as diacyl peroxides, peroxy esters, dialkyl 
peroxides, peroxy ketals, ketone peroxides and hydroperOX 
ides. 

0069 Concrete examples of the diacyl peroxides include 
benzoyl peroxide, 2,4-dichlorobenzoyl peroxide, m-toluoyl 
peroxide, and the like. 
0070 Concrete examples of the peroxy esters include 
t-butylperoxybenzoate, bis-t-butylperoxy isophthalate, 2.5- 
dimethyl-2,5-bis(benzoylperoxy)hexane, t-butylperoxy-2- 
ethylhexanoate, t-butylperoxy isopropyl carbonate, and the 
like. 

0071 Concrete examples of the dialkyl peroxides include 
dicumyl peroxide, di-t-butyl peroxide, lauroyl peroxide, and 
the like. 

0.072 Concrete examples of the peroxy ketals include 
1,1-bis(t-butylperoxy) 3,3,5-trimethylcyclohexane, 1,1- 
bis(t-butylperoxy)cyclohexane, 1,1-bis(t-hexylperoxy)cy 
clohexane, and the like. 

0.073 Concrete examples of the ketone peroxides include 
methyl ethyl ketone peroxide, cyclohexanone peroxide, 
methyl acetoacetate peroxide, and the like. 
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0074 Concrete examples of the hydroperoxides include 
t-butyl hydroperoxide, cumene hydroperoxide, p-diisopro 
pylbenzene peroxide, and the like. 
0075. As the reducing agent, aromatic tertiary amines, 
aliphatic tertiary amines, Sulfinic acids and their Salts can be 
cited as preferred ones. 
0076 Concrete examples of the aromatic tertiary amines 
include N,N-dimethylaniline, N,N-dimethyl-p-toluidine, 
N,N-dimethyl-m-toluidine, N,N-diethyl-p-toluidine, N,N- 
dimethyl-3,5-dimethylaniline, N,N-dimethyl-3,4-dimethy 
laniline, N,N-dimethyl-4-ethylaniline, N,N-dimethyl-4-i- 
propylaniline, N,N-dimethyl-4-t-butylaniline, N,N- 
dimethyl-3,5-di-t-butylaniline, N,N-bis(2-hydroxyethyl)-3, 
5-dimethylaniline, N,N-di(2-hydroxyethyl)-p-toluidine, 
N,N-bis(2-hydroxyethyl)-3,4-dimethylaniline, N,N-bis(2- 
hydroxyethyl)-4-ethylaniline, N,N-bis(2-hydroxyethyl)-4-i- 
propylaniline, N,N-bis(2-hydroxyethyl)-4-t-butylaniline, 
N,N-bis(2-hydroxyethyl)-3,5-di-i-propylaniline, N,N-bis(2- 
hydroxyethyl)-3,5-di-t-butylaniline, n-butoxyethyl 4-dim 
ethylaminobenzoate, (2-methacryloyloxy)ethyl 4-dimethy 
laminobenzoate, and the like. 
0077 Concrete examples of the aliphatic tertiary amines 
include trimethylamine, triethylamine, N-methyldiethanola 
mine, N-ethyldiethanolamine, N-n-butyldiethanolamine, 
N-lauryldiethanolamine, triethanolamine, (2-dimethylami 
no)ethyl methacrylate, N-methyldiethanolamine 
dimethacrylate, N-ethyldiethanolamine dimethacrylate, tri 
ethanolamine monomethacrylate, triethanolamine 
dimethacrylate, triethanolamine trimethacrylate, and the 
like. 

0078 Concrete examples of the sulfinic acids or their 
Salts include benzeneSulfinic acid, Sodium benzeneSulfinate, 
potassium benzeneSulfinate, calcium benzeneSulfinate, 
lithium benzeneSulfinate, toluenesulfinic acid, Sodium tolu 
eneSulfinate, potassium toluenesulfinate, calcium toluene 
Sulfinate, lithium toluenesulfinate, 2,4,6-trimethylbenzene 
Sulfinic acid, Sodium 2,4,6-trimethylbenzeneSulfinate, 
potassium 2,4,6-trimethylbenzeneSulfinate, calcium 2,4,6- 
trimethylbenzenesulfinate, lithium 2,4,6-trimethylbenzene 
Sulfinate, 2,4,6-triethylbenzenesulfinic acid, Sodium 2,4,6- 
triethylbenzeneSulfinate, potassium 2,4,6- 
triethylbenzeneSulfinate, calcium 2,4,6- 
triethylbenzeneSulfinate, 2,4,6-triisopropylbenzeneSulfinic 
acid, Sodium 2,4,6-triisopropylbenzeneSulfinate, potassium 
2,4,6-triisopropylbenzeneSulfinate, calcium 2,4,6-triisopro 
pylbenzeneSulfinate, and the like. 
0079 These oxidizing agents and reducing agents can be 
used alone or in combination of at least two kinds. 

0080. The content of the chemical polymerization initia 
tor in the adhesive composition of the present invention is 
not limited to Specified ones. It is desired that the content is 
usually 0.01 to 10% by weight, preferably 0.05 to 7% by 
weight, more preferably 0.1 to 5% by weight. 
0081 For the purpose of improvements in thermosetting 
property and mechanical Strength, there may be contained in 
the adhesive composition of the present invention a hydro 
phobic polymerizable monomer other than the acidic group 
containing polymerizable monomer (a), the polymerizable 
monomer (b) and the hydrophilic polymerizable monomer 
(c) (hereinafter simply referred to as “hydrophobic polymer 
izable monomer”). 
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0082 The hydrophobic polymerizable monomer 
includes, for instance, esters of carboxylic acids Such as 
C-cyanoacrylic acid, (meth)acrylic acid, C-halogenated 
acrylic acids, crotonic acid, cinnamic acid, Sorbic acid, 
maleic acid and itaconic acid; derivatives of (meth)acryla 
mide; vinyl esters; vinyl ethers; mono-N-vinyl derivatives, 
styrene derivatives, and the like. Among them, (meth)acrylic 
acid esters are preferably used. 
0.083 Concrete examples of the hydrophobic polymeriz 
able monomer include the following monomers. The term 
"monofunctional monomer' as referred to herein means a 
monomer having one olefinic double bond. 

0084) (A) Monofunctional Monomer 
0085 Methyl (meth)acrylate, ethyl (meth)acrylate, 
1-propyl (meth)acrylate, i-butyl (meth)acrylate, benzyl 
(meth)acrylate, lauryl (meth)acrylate, 2,3-dibromopropyl 
(meth)acrylate, 3-methacryloyloxypropyl trimethoxysilane, 
11-methacryloyloxyundecyl trimethoxysilane, and the like. 

0086) (B) Bifunctional Monomer 
0087 Ethylene glycol di(meth)acrylate, triethylene gly 
col di(meth)acrylate, propylene glycol di(meth)acrylate, 
neopentyl glycol di(meth)acrylate, 1,6-hexanediol 
di(meth)acrylate, 1,10-decanediol di(meth)acrylate, bisphe 
nol A diglycidyl di(meth)acrylate, 2,2-bis(4-(meth)acryloy 
loxyethoxyphenylpropane, 2,2-bis 4-(meth)acryloyloxy 
polyethoxyphenylpropane, 2,2-bis(4-3- 
(meth)acryloyloxy-2-hydroxypropoxyphenylpropane, 1,2- 
bis3-(meth)acryloyloxy-2-hydroxypropoxyethane, 
pentaerythritol di(meth)acrylate, 1,2-bis(3-methacryloy 
loxy-2-hydroxypropoxy)ethane, 2,2,4-trimethylhexameth 
ylenebis(2-carbamoyloxyethyl) dimethacrylate, and the 
like. 

0088 (C) Monomers Having Tri- or More Functional 
Group 

0089 Trimethylolpropane tri(meth)acrylate, trimethylo 
lethane tri(meth)acrylate, tetramethylolmethane tri 
(meth)acrylate, pentaerythritol tetra(meth)acrylate, N,N'-(2, 
2,4-trimethylhexamethylene)bis 2-(aminocarboxy)propane 
1,3-diol tetramethacrylate, 1,7-diacryloyloxy-2,2,6,6,- 
tetraacryloyloxymethyl-4-oxyheptane, and the like. 

0090 The above-mentioned hydrophobic polymerizable 
monomers can be used alone or in combination of at least 
two kinds. 

0091. It is desired that the content of the hydrophobic 
polymerizable monomer in the adhesive composition of the 
present invention is usually at most 60% by weight, pref 
erably at most 40% by weight, especially from the viewpoint 
of maintaining adhesive Strength against enamel. 

0092. In addition, in the present invention, in order to 
Supplement the Solubility of the acidic group-containing 
polymerizable monomer (a), the polymerizable monomer 
(b) and the polymerization initiator in the adhesive compo 
Sition, a volatile organic Solvent can be contained in the 
adhesive composition. 

0093. As the volatile organic solvent, it is desired to use 
a volatile organic Solvent usually having a boiling point of 
at most 150 C., preferably at most 100° C. at atmospheric 
preSSure. 
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0094 Preferred examples of the volatile organic solvent 
include alcohols Such as ethanol, methanol, 1-propananol 
and isopropananol, ketones Such as acetone and methyl ethyl 
ketone, ester compounds Such as ethyl acetate, methyl 
acetate and ethyl propionate, etherS Such as 1,2-dimethoxy 
ethane, 1,2-diethoxyethane and tetrahydrofuran, hydrocar 
bon compounds Such as heptane, hexane and toluene, halo 
genated hydrocarbon compounds Such as chloroform and 
dichloromethane, and the like. These volatile organic Sol 
vents may be used alone or in combination of at least two 
kinds. Among them, a water-Soluble volatile Solvent Such as 
ethanol or acetone is preferable. 
0095 The content of the volatile organic solvent in the 
adhesive composition of the present invention is not limited 
to specified ones. It is desired that the content is usually at 
most 60% by weight, preferably at most 30% by weight. 

0096. When the volatile organic solvent is contained in 
the adhesive composition, in order not to impair its adhesive 
property, it is preferable that the Volatile Solvent is evapo 
rated as much as possible with a dental air Syringe or the like 
after the adhesive composition is applied to a tooth. 
0097. In addition, a polymerization inhibitor, a colorant, 
a fluorescent, an ultraViolet absorbent and the like may be 
properly added to the adhesive composition of the present 
invention as occasion demands. 

0098. Furthermore, for the purpose of imparting antibac 
terial property to the adhesive composition of the present 
invention, there may be contained in the adhesive compo 
Sition of the present invention a cationic antibacterial com 
pound Such as cetyl pyridium chloride, chlorhexidine hydro 
chloride, benzalkonium chloride, 
(meth)acryloyloxydodecyl pyridium bromide, (meth)acry 
loyloxyhexadecyl pyridium chloride or (meth)acryloyloxy 
decyl ammonium chloride. 
0099. In addition, for the purpose of imparting acid 
resistance to the adhesive composition of the present inven 
tion, there may be contained in the adhesive composition of 
the present invention a known fluorine compound which 
releases a fluorine ion, Such as Sodium fluoride, lithium 
fluoride or cetylamine hydrofluoride. 

0100 Furthermore, a filler can be contained in the adhe 
Sive composition of the present invention within an amount 
which would not impair the fluidity of the adhesive com 
position. The filler includes an inorganic filler, an organic 
filler or their composites. 

0101 The inorganic filler includes, for instance, minerals 
of which basic material is Silica, Such as Silica, kaolin, clay 
and mica; ceramics of which basic material is Silica, com 
prising Al-O, BO, TiO, ZrO2, BaO, La-O, SrO, CaO 
POs and the like, glass Such as lanthanum glass, barium 
glass, Strontium glass, Sodium glass, lithium borosilicate 
glass, Zinc glass, fluoroaluminum borosilicate glass, boro 
Silicate glass and bio glass, crystal Silica, hydroxylapatite, 
alumina, titanium oxide, yttrium oxide, Zirconia, calcium 
phosphate, barium Sulfate, aluminum hydroxide, and the 
like. 

0102) The organic filler includes, for instance, organic 
resins Such as polymethyl methacrylate, polyfunctional 
methacrylate polymer, polyamide, polystyrene, polyinyl 
chloride, chloroprene rubber, nitrile rubber and styrene 
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butadiene rubber. In addition, there can be also used an 
inorganic/organic composite filler in which the inorganic 
filler is dispersed in these organic resins, or in which the 
inorganic filler is coated with the above-mentioned organic 
resin. These fillers can be used alone or in combination of at 
least two kinds. 

0103) For the purpose of controlling the fluidity of the 
adhesive composition, these fillers may be used after pre 
viously Subjecting to a Surface treatment with a known agent 
for Surface treatment, Such as a Silane coupling agent as 
occasion demands. 

0104. The agent for Surface treatment includes, for 
instance, Vinyltrimethoxysilane, Vinyltriethoxysilane, Vinyl 
trichlorosilane, Vinyltri(B-methoxyethoxy)Silane, Y-meth 
acryloyloxypropyltrimethoxysilane, Y-glycidoxypropyltri 
methoxysilane, Y-mercaptopropyltrimethoxysilane, 
y-aminopropyltriethoxysilane, and the like. 
0105 The content of the filler in the adhesive composi 
tion of the present invention is not limited to specified ones. 
It is desired that the content is usually at most 30% by 
weight, preferably at most 10% by weight. 
0106. In addition, it is preferable that the viscosity of the 
adhesive composition is controlled to at most 1 Pa's at 30 
C. by dispersing a filler having an average particle diameter 
of 0.001 to 30 um in the adhesive composition, from the 
Viewpoints of penetrability, coatability, thermosetting prop 
erty for teeth. When the adhesive composition of the present 
invention is used as an adhesive, it is preferable to control 
the viscosity to 0.1 to 1 Pa's at 30C. 
0107 The adhesive composition of the present invention 
can be used in various forms. For instance, the adhesive 
composition of the present invention can be used as an agent 
for pretreatment in order to bond to teeth a material to be 
bonded, Such as a dental bonding material, a resin cement, 
a glass ionomer cement, a Zinc phosphate cement, a poly 
carboxylate cement, a Silicate cement or a Zinc oxide 
eugenol cement, or to enhance adhesive properties (form 1). 
In addition, the adhesive composition also can be used as an 
adhesive for bonding a dental composite resin or a com 
pomer for filling with teeth (form 2). Furthermore, the 
adhesive composition can be used as a fissure Sealant 
material applied to pit and fissure, or a coating material for 
root and a proximal teeth portion (form 3), or can be used as 
a dentinal canal Sealant material for the purpose of SuppreSS 
ing hyperesthesia (form 4). 
0108. When the adhesive composition is used in the form 
1, it is preferable that the content of the acidic group 
containing polymerizable monomer (a) in the adhesive com 
position is 5 to 40% by weight, that the content of the 
polymerizable monomer (b) is 0.005 to 20% by weight, and 
that the content of the hydrophilic polymerizable monomer 
(c) is 10 to 90% by weight, and it is more preferable that 
water (d) is contained in a content of 5 to 60% by weight. 
In this case, the weight ratio of (b)/(a), that is, the polymer 
izable monomer (b)/the acidic group-containing polymeriz 
able monomer (a) is adjusted to 0.001 to 0.5. 
0109. In addition, when the adhesive composition is used 
in the forms 2 to 4, it is preferable that the content of the 
acidic group-containing polymerizable monomer (a) in the 
adhesive composition is 10 to 50% by weight, that the 
content of the polymerizable monomer (b) is 0.01 to 25% by 
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weight, and that the content of the hydrophilic polymeriz 
able monomer (c) is 5 to 50% by weight, and it is more 
preferable that water (d) is contained in a content of 0.1 to 
10% by weight. In this case, the weight ratio of the poly 
merizable monomer (b)/the acidic group-containing poly 
merizable monomer (a) is adjusted to 0.001 to 0.5. In 
addition, it is preferable to include in the adhesive compo 
Sition a hydrophobic polymerizable monomer other than the 
acidic group-containing polymerizable monomer (a), the 
polymerizable monomer (b) and the hydrophilic polymer 
izable monomer (c) in a content of 5 to 40% by weight, from 
the viewpoints of more improving adhesive property and 
peripherical Sealability. In addition, for the purpose of 
improvements in coatability and mechanical Strength, a filler 
may be contained in this adhesive composition within a 
range of at most 30% by weight. 
0110. The adhesive composition of the present invention 
can be used for not only hard tissueS Such as teeth but also 
crown restorative materials. Such as metals, porcelains, 
ceramicS and composite resin cured products. Further, the 
adhesive composition of the present invention may be used 
in combination with a commercially available dental metal 
primer, a primer for bonding porcelain, an acidic etching 
agent or a tooth face cleaning agent Such as a hypochlorite. 
Among them, it is especially preferable that the adhesive 
composition of the present invention is used in combination 
with the acidic etching agent, because more excellent 
peripherical Sealability can be imparted to enamel. 

EXAMPLES 

0111 Next, the present invention will be described more 
Specifically on the basis of the following examples, but the 
present invention is by no means limited thereto. 
0112 The abbreviated names and symbols are as follows: 
0113 Acidic Group-Containing Hydrophobic Polymer 
izable Monomers 

0114 MDP: 10-Methacryloyloxydecyl dihydrogen 
phosphate 

0115 MOP: 8-Methacryloyloxyoctyl dihydrogen 
phosphate 

0116 ADDP: 12-Acryloyloxydodecyl dihydrogen 
phosphate 

0117 MHEP: 16-Methacryloyloxyhexadecyl ethylhy 
drogen phosphate 

0118 MEPP: Methacryloyloxy ethylphenyl phospho 
nate 

0119 MDPP: 10-Methacryloyloxydecyl phosphonic 
acid 

0120 4-MHPT: 4-Methacryloyloxyhexyl oxycarbonyl 
phthalic acid 

0121 Hydroxyl Group-Containing Polymerizable 
Monomers 

0122) 4HM: 4-Hydroxybutyl methacrylate 
0123 6HM: 6-Hydroxyhexyl methacrylate 
0124 8HM: 8-Hydroxyoctyl methacrylate 
0125 10HM: 10-Hydroxydecyl methacrylate 
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: 12-Hydroxydodecyl methacrylate 0.126 12HA: 12-Hvdroxvdodecwl methacryl 

0.127) 16HA: 16-Hydroxyhexadecyl methacrylate 
0128 Hydrophilic Polymerizable Monomers 

: 2-Hydroxyethyl methacrylate O129 HEMA 2-Hvid hvl methacrvl 

0130 9G: Polyethylene glycol dimethacrylate (num 
ber of moles of oxyethylene group added being 9) 

0131 14G: Polyethylene glycol dimethacrylate (num 
ber of moles of oxyethylene group added being 14) 

0132 Polymerization Initiator and Reducing Agent 
0.133 CO: Camphorquinone 
0134) TMDPO: 2,4,6-Trimethylbenzoyldiphenylphos 
phine oxide 

0135) DEPT: N,N-Di(2-hydroxyethyl)-p-toluidine 
0136 TPBSS: Sodium 2,4,6-triisopropylbenzenesulfi 
nate 

0137 DMAB: N,N-Dimethylaminobenzophenone 
0138 Polymerization Inhibitor 
0139 BHT: t-Butylhydroxytoluene 

0140. Other Polymerizable Monomers 
0141 Bis-GMA: Bisphenol A diglycidyl methacrylate 
0142 UDMA: 2,2,4-Trimethylhexamethylenebis(2- 
carbamoyloxyethyl) dimethacrylate 

Example 1 
0143 An adhesive composition composed of 20 parts by 
weight of MDP, 0.02 parts by weight of methacrylic acid, 40 
parts by weight of HEMA and 40 parts by weight of distilled 
water was prepared. The adhesive Strength and peripherical 
sealability were determined in accordance with the follow 
ing testing method for adhesive Strength and testing method 
for peripherical sealability. The results are shown in Table 1. 
0144 Testing Method for Adhesive Strength 
0145 Bovine front teeth were smoothly wet-grinded with 
#1000 silicon carbide paper (manufactured by Nippon Ken 
Shi K.K.) to expose their enamel Surfaces or dentin Surfaces, 
and thereafter water on the Surfaces was blown away with a 
dental air Syringe. An adhesive tape having a thickness of 
about 150 uM with a hole opening having a diameter of 3 
mm was pasted to the exposed enamel Surfaces or dentin 
Surfaces, and the adhesive composition obtained in Example 
1 was applied to the hole with a brush. The adhesive 
composition was allowed to Stand for 30 Seconds, and 
thereafter dried with an air Syringe to a degree Such that the 
adhesive composition had no fluidity. A photopolymerizable 
dental bonding material “Clearfil Megabond” (manufactured 
by Kuraray Co., Ltd., trade name) was applied onto the dried 
adhesive composition with a brush So that its thickneSS 
became about 100 um. The resulting coat was photo-irradi 
ated with a dental photoirradiator “LIGHTEL II” (manufac 
tured by Gunma Ushio Denki K.K., trade name) for 10 
Seconds to cure the coat. Further, a commercially available 
photopolymerizable dental composite resin “Clearfil AP-X” 
(manufactured by Kuraray Co., Ltd., trade name) was 
mounted on the cured coat, and covered with a film made of 
EVAL (manufactured by Kuraray Co., Ltd., registered trade 
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mark). Thereafter, the slide glass was pressed over the film, 
and photo-irradiated for 40 seconds with the above-men 
tioned photoirradiator to cure the composite resin. 
0146 A stainless steel rod was bonded to the cured 
Surface with a commercially available dental resin cement 
“Panavia 21” (manufactured by Kuraray Co., Ltd., trade 
name) to give a test piece. After 30 minutes, the test piece 
was immersed in water of 37 C. for 24 hours, and thereafter 
a thermal cycle comprising immersing the test piece in cold 
water of 4 C. for one minute and in hot water of 60° C. for 
one minute was carried out 2000 times. Thereafter, its 
adhesive strength was determined. A universal tester (manu 
factured by Instron) was used for the determination of the 
adhesive Strength, and the tensile adhesive Strength was 
determined under the conditions of a croSS head Speed of 2 
mm/minute. The determination value for each adhesive 
Strength was expressed as an average value of the determi 
nation values of 8 test pieces. 
0147 Testing Method for Peripherical Sealability 
0.148. A cavity having a diameter of about 4 mm and a 
depth of about 3 mm was formed by using a dental air 
turbine so that the cervical line of the molar portion of a 
human evulsed tooth was positioned at the center. The 
adhesive composition obtained in Example 1 was applied to 
the internal Surface of the cavity, and the adhesive compo 
sition was allowed to stand for 30 seconds, and thereafter 
dried with an air Syringe to a degree Such that the adhesive 
composition had no fluidity. A photopolymerizable dental 
bonding material “Clearfil Megabond” (manufactured by 
Kuraray Co., Ltd., trade name) was applied to the internal 
surface of the cavity so that its thickness became about 100 
tim. The resulting coat was photo-irradiated for 10 Seconds 
with a dental photoirradiator “LIGHTEL II” (manufactured 
by Gunma Ushio Denki K.K., trade name) to cure the coat. 
Further, a commercially available photopolymerizable den 
tal composite resin “Clearfil AP-X” (manufactured by 
Kuraray Co., Ltd., trade name) was filled in the cavity, and 
photo-irradiated for 40 seconds with the above-mentioned 
photoirradiator to cure the composite resin. Subsequently, in 
order to prevent the penetration of the colorant from the tip 
of tooth root and the Scissure at crown and the like, “Clearfil 
Megabond” (manufactured by Kuraray Co., Ltd., trade 
name) was applied to the portions other than the cavity 
restorative portion and its Surroundings, and photo-irradi 
ated for 30 seconds with the above-mentioned photoirradia 
tor to cure the resin. 

014.9 The resulting test piece was immersed in water at 
37 C. for 24 hours, and thereafter a thermal cycle compris 
ing immersing in cold water of 4 C. for one minute and in 
hot water of 60° C. for one minute was carried out 2000 
times. Thereafter, the test piece was immersed in a 0.2% 
acqueous basic fuchsine solution at 37 C. for 24 hours, and 
thereafter the test piece was taken out from the Solution and 
washed with water. The test piece was dried with a dental air 
Syringe, and its restored portion was divided into three 
portions lengthwise using a low-speed diamond cutter to 
give three Slices per tooth. Fifteen Slices were prepared from 
five molar teeth from human teeth in total. 

0150. The evaluation of the penetration of the colorant 
was made by observing both the cavity margin of a tooth top 
Side (enamel Side) and the cavity margin of a gingival side 
(dentin Side) by naked eyes with a light microscope (mag 
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nification: 25 times), obtaining the following Scores, and the weight ratio of methacrylic acid/MDP is controlled to the 
averaging the Scores of 15 slices. range of 0.001 to 0.5 (Examples 1 to 7) are used, it can be 

0151 Score 0: No penetration of a colorant to wall and Seen that excellent adhesive Strength and excellent periph 
bottom of the cavity is recognized. erical sealability are exhibited. 

(0152) Score 1: No penetration of a colorant to the O157. On the other hand, when the adhesive composition 
bottom of the cavity is recognized, but as to the Wall of in which methacrylic acid is not contained (Comparative 
the cavity, penetration of the colorant to at most V2 of Example 1) is used, it can be seen that excellent adhesive 
the wall of the cavity is recognized. Strength is exhibited, but peripherical Sealability is drasti 

0153 Score 2: No penetration of a colorant to the cally deteriorated. 
bottom of the cavity is recognized, but as to the wall of 
the cavity, penetration of the colorant to at least 72 of 
the wall of the cavity is recognized. 

0158. In addition, when the adhesive composition in 
which the weight ratio of methacrylic acid/MDP is con 
trolled to 1.0 or 2.0 (Comparative Examples 2 and 3) is used, 

0154 Score 3: Penetration of a colorant to wall and it can Seen that adhesive Strength is clearly lowered, and that 
bottom of the cavity is recognized. peripherical Sealability is deteriorated. 

Examples 2 to 7 and Comparative Examples 1 to 3 Examples 8 to 14 and Comparative Examples 4 to 
0.155) Adhesive compositions in which the amount of 6 
methacrylic acid was changed were prepared as shown in 
Table 1. The adhesive Strength test and peripherical Seal- 0159) Adhesive compositions composed of MDP, 10HM, 
ability test were carried out in the same manner as in HEMA, distilled water and the like were prepared as shown 
Example 1 using these adhesive compositions. The results in Table 2. The adhesive strength test and peripherical 
are also shown in Table 1. Sealability test were carried out in the same manner as in 

TABLE 1. 

Comparative 
Examples Examples 

1. 2 3 4 5 6 7 1. 2 3 

Adhesive Composition (parts by weight) 

MDP (a) 2O 2O 2O 2O 2O 2O 2O 2O 2O 2O 
Methacrylic acid (b) O.O2 O1 O.2 1 2 6 1O O 2O 40 
HEMA (c) 40 40 40 40 40 40 40 40 40 40 
Distilled Water (d) 40 40 40 40 40 40 40 40 40 40 
Methacrylic Acid/MDP (weight ratio) O.OO1 O.OO5 O.O1 O.O5 O.1 O.3 O.S O 1.O 2.0 
Adhesive Strength 

Enamel of Bovine Tooth (MPa) 19.3 19.4 21.2 22.1 224 20.1 18.5 19.3 16.5 15.5 
Dentin of Bovine Tooth (MPa) 19.6 19.8 2O.2 20.5 20.7 18.3 17.4 19.7 13.2 13.0 
Peripherical Sealability 

Tooth Top Side (Enamel Side) O.7 0.5 O3 O.3 O3 O.S. O.7 2.O 15 1.6 
Gingival Side (Dentin Side) O.7 0.5 O.2 O.2 O.2 0.4 O.6 2.1 1.3 1.4 

0156 AS is clear from the results shown in Table 1, when Example 1 using these adhesive compositions. The results 
the adhesive compositions of the present invention in which are also shown in Table 2. 

TABLE 2 

Comparative 
Examples Examples 

8 9 1O 11 12 13 14 4 5 6 

Adhesive Composition (parts by weight) 

MDP (a) 2O 2O 2O 2O 2O 2O 2O 2O 2O 2O 
Methacrylic acid (b) O.O2 O.1 O2 O2 2 6 1O O 20 40 
HEMA (c) 40 40 8O 40 40 40 40 40 40 40 

Distilled Water (d) 40 40 O 40 40 40 40 40 40 40 
10 HM/MDP (weight ratio) O.OO1 O.OO5 O.O1 O.O1 O.1 O.3 0.5 O 1.O 2.O 
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TABLE 2-continued 

Examples 

8 9 1O 11 

Adhesive Strength 

Enamel of Bovine Tooth (MPa) 19.4 19.3 18.9 21.0 
Dentin of Bovine Tooth (MPa) 19.5 19.8 18.5 20.7 
Peripherical Sealability 

Tooth Top Side (Enamel Side) O.8 0.5 O4 O.3 
Gingival Side (Dentin Side) O.7 O.6 O4 O.3 

0160 AS is clear from the results shown in Table 2, when 
the adhesive compositions in which the weight ratio of 
10HM/MDP is controlled to the range of 0.001 to 0.5 
(Examples 8 to 14) are used, it can be seen that excellent 
adhesive Strength and excellent peripherical Sealability are 
exhibited. 

0.161. On the other hand, when the adhesive composition 
in which 10HM is not contained (Comparative Example 4) 
is used, it can be seen that excellent adhesive Strength is 
exhibited, but peripherical Sealability is drastically deterio 
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Comparative 
Examples 

12 13 14 4 5 6 

21.8 20.1 18.3 19.2 16.4 15.2 
2O.9 18.3 17.2 19.7 13.O 13.1 

O.3 0.5 O.8 2.0 1.O 1.1 
O2 O.4 O.6 2.1 1.4 1.5 

in the same manner as in Example 1 using these adhesive 
compositions. The results are also shown in Table 3. 

Comparative Examples 7 to 10 

0164. Adhesive compositions in which methacrylic acid 
was removed from the adhesive compositions used in 
Examples 15 to 18 were prepared as shown in Table 3. The 
adhesive Strength test and peripherical Sealability test were 
carried out in the same manner as in Example 1 using these 
adhesive compositions. The results are also shown in Table 

rated. 3. 

TABLE 3 

Examples Comparative Examples 

15 16 17 18 7 8 9 1O 

Adhesive Composition (parts by weight) 

MEPP (a) 1O 15 3O 40 1O 15 3O 40 
Methacrylic acid (b) 0.1 0.15 0.3 0.4 O O O O 
HEMA (c) 45 42.5 35 3O 45 42.5 35 3O 
Distilled Water (d) 45 42.5 35 3O 45 42.5 35 3O 
CQ (e) 0.5 0.5 0.5 0.5 0.5 0.5 0.5 O.5 
DEPT 5 5 5 5 5 5 5 5 
TPBSS 2 2 2 2 2 2 2 2 
DMAB O.3 O.3 O.3 O.3 O.3 O.3 O.3 O.3 
Methacrylic Acid/MEPP (weight ratio) O.O1 OO1 O.O1 O.O1 O O O O 
Adhesive Strength 

Enamel of Bovine Tooth (MPa) 18.5 22.6 22.6 19.8 18.0 21.4 22.8 19.1 
Dentin of Bovine Tooth (MPa) 17.4 20.3 20.6 19.8, 18.0 20.4 20.8 19.1 
Peripherical Sealability 

Tooth Top Side (Enamel Side) O4 O3 O.3 0.4 2.1 18 1.8 22 
Gingival Side (Dentin Side) O3 O3 O.3 0.4 2.O 1.7 1.7 1.9 

0162. In addition, when the adhesive composition in 0.165 AS is clear from the results shown in Table 3, when 
which the weight ratio of 10HM/MDP is controlled to 1.0 or 
2.0 (Comparative Examples 5 and 6) is used, it can be seen 
that adhesive Strength is clearly lowered, and that periph 
erical Sealability is deteriorated. 

Examples 15 to 18 
0163 Adhesive compositions composed of MEPP, meth 
acrylic acid, HEMA, distilled water, CQ, DEPT, TPBSS and 
DMAB were prepared as shown in Table 3. The adhesive 
Strength test and peripherical Sealability test were carried out 

the adhesive compositions in which methacrylic acid is 
blended (Examples 15 to 18) are used, it can be seen that 
excellent adhesive Strength and excellent peripherical Seal 
ability are exhibited. 

0166 On the other hand, when the adhesive compositions 
in which methacrylic acid is not contained (Comparative 
Examples 7 to 10) are used, it can be seen that excellent 
adhesive Strength is exhibited, but peripherical Sealability is 
drastically deteriorated. 
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Examples 19 to 23 
0167 Adhesive compositions composed of MDP, 10HM, 
HEMA, distilled water, CO, DEPT, TPBSS and DMAB 
were prepared as shown in Table 4. The adhesive Strength 
test and peripherical Sealability test were carried out in the 
Same manner as in Example 1 using these adhesive compo 
sitions. The results are also shown in Table 4. 

Comparative Examples 11 to 15 
0168 Adhesive compositions in which 10HM was 
removed from the adhesive compositions used in Examples 
19 to 23 were prepared as shown in Table 4. The adhesive 
Strength test and peripherical Sealability test were carried out 
in the Same manner as in Example 1 using these adhesive 
compositions. The results are also shown in Table 4. 

TABLE 4 

Examples 

19 2O 21 22 23 

Adhesive Composition (parts by weight) 

MDP (a) 1O 15 30 30 40 
10 HM (b) O1 O.15 O.3 O.3 0.4 
HEMA (c) 45 42.5 70 35 30 
Distilled water (d) 45 42.5 O 35 3O 
CQ (e) 0.5 0.5 0.5 0.5 0.5 
DEPT 3.0 3.0 3.0 3.0 3.0 
TPBSS 0.5 0.5 0.5 0.5 0.5 
DMAB 0.5 0.5 0.5 0.5 0.5 
10 HM/MDP (weight ratio) O.O1 O.O1 O.O1 O.O1 O.O1 
Adhesive Strength 

Enamel of Bovine Tooth (MPa) 18.4 21.3 18.4 22.0 18.5 
Dentin of Bovine Tooth (MPa) 18.6 21.5 18.3 21.7 18.1 
Peripheral Sealability 

Tooth Top Side (Enamel Side) O4 O.3 0.4 O.3 0.4 
Gingival Side (Dentin Side) O4 O.3 0.4 O.3 0.4 

0169 AS is clear from the results shown in Table 4, when 
the adhesive compositions in which 10HM is blended 
(Examples 19 to 23) are used, it can be seen that excellent 
adhesive Strength and excellent peripherical Sealability are 
exhibited. 

0170. On the other hand, when the adhesive compositions 
in which 10HM is not contained (Comparative Examples 11 

to 15) are used, it can be seen that excellent adhesive 
Strength is exhibited, but peripherical Sealability is drasti 
cally deteriorated. 

Examples 24 to 31 

0171 Adhesive compositions prepared by adding meth 
acrylic acid, acrylic acid, methacrylic acid chloride or 2-me 
thylpropenedithionic acid to a composition composed of 
MDPP or 4-MHPT, HEMA, distilled water, DEPT, TPBSS 
and the like were prepared as shown in Table 5. The adhesive 
Strength test and peripherical Sealability test were carried out 
in the same manner as in Example 1 using these adhesive 
compositions. The results are also shown in Table 5. 

Comparative Examples 

11 12 13 14 15 

1O 15 30 30 30 
O O O O O 

45 42.5 70 35 30 
45 42.5 O 35 30 
0.5 0.5 0.5 0.5 0.5 
3.0 3.0 3.0 3.0 3.0 
0.5 0.5 0.5 0.5 0.5 
0.5 0.5 0.5 0.5 0.5 

18.1. 21.2 18.3 214 18.2 
18.0 21.O. 18.2 218 18O 

1.5 18 1.3 1.5 1.3 
1.4 1.6 1.4 1.5 1.7 

Comparative Examples 16 and 17 
0172) Adhesive compositions in which methacrylic acid 
was removed from an adhesive composition used in 
Example 24 and an adhesive composition used in Example 
28 were prepared as shown in Table 5. The adhesive strength 
test and peripherical Sealability test were carried out in the 
Same manner as in Example 1 using these adhesive compo 
sitions. The results are also shown in Table 5. 

Adhesive Composition (parts by weight) 
Acidic Group-Containing 
Polymerizable Monomer (a) 

MDPP 
4-MHPT 
Polymerizable Monomer (b) 

Methacrylic Acid 
Acrylic Acid 

TABLE 5 

Examples Comp. EX. 

24 25 26 27 28 29 3O 31 16 17 

15 15 15 15 O O O O 15 O 
O O O O 15 15 15 15 O 15 

O.75 O O O 0.75 O O O O O 
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TABLE 5-continued 

Examples 

24 25 26 27 28 

Methacrylic Acid Chloride O O 0.75 O O 
2-Methylpropenedithionic O O O O.75 O 
Acid 
HEMA (c) 42.5 42.5 42.5 42.5 42.5 
Distilled Water (d) 42.5 42.5 42.5 42.5 42.5 
DEPT 5 5 5 5 5 
TPBSS 2 2 2 2 2 
Polymerizable Monomer (b)/ O.O5 O.O5 O.O5 O.O5 O.OS 
Acidic Group-Containing Polymerizable 
Monomer (a) (weight ratio) 
Adhesive Strength 

Enamel of Bovine Tooth (MPa) 20.3 20.4 20.2 20.1 15.4 
Dentin of Bovine Tooth (MPa) 2O.2 20.8. 20.1 20.O 15.7 
Peripherical Sealability 

Tooth Top Side (Enamel Side) O.2 0.2 O.S. O.S. O.3 
Gingival Side (Dentin Side) O.2 0.2 O.S. O.S. O.3 

0173 AS is clear from the results shown in Table 5, when 
the adhesive compositions in which methacrylic acid, 
acrylic acid, methacrylic acid chloride or 2-methylpropene 
dithionic acid is blended (Examples 24 to 31) are used, it can 
be seen that excellent adhesive Strength and excellent 
peripherical Sealability are exhibited. 

0.174. On the other hand, when the adhesive compositions 
in which methacrylic acid and the like are not contained 
(Comparative Examples 16 and 17) are used, it can be seen 

Comp. EX. 

29 3O 31 16 17 

O O.75 O O O 
O O O.75 O O 

42.5 42.5 42.5 42.5 42.5 
42.5 42.5 42.5 42.5 42.5 
5 5 5 5 5 
2 2 2 2 2 
O.O5 O.O5 O.O5 O O 

15.1 15.5 15.8 20.5 15.5 
15.7 15.4 15.6 19.8 15.O 

O.3 O6 O6 18 2.4 
O.3 O6 O6 1.9 2.6 

that excellent adhesive Strength is exhibited, but peripherical 
Sealability is drastically deteriorated. 

Examples 32 to 40 

0175 Adhesive compositions composed of MDP, 10HM, 
HEMA, distilled water, methacrylic acid or acrylic acid, 
DEPT and TPBSS were prepared as shown in Table 6. The 
adhesive Strength test and peripherical Sealability test were 
carried out in the same manner as in Example 1 using these 
adhesive compositions. The results are also shown in Table 
6. 

TABLE 6 

Examples 

32 33 34 35 36 37 38 39 40 

Adhesive Composition (parts by weight) 

MDP (a) 2O 2O 2O 2O 2O 2O 2O 2O 2O 
10 HM (b1) 0.4 0.4 0.4 0.4 0.4 0.4 0.4 0.4 0.4 
HEMA (c) 50 50 50 50 50 50 50 50 50 
Distilled Water (d) 3O 3O 3O 3O 3O 3O 3O 3O 3O 
Methacrylic Acid (b2) O.O2 O1 0.2 - 2 6 8 9 
Acrylic Acid (b2) 0.2 - 
DEPT 3.5 3.5 3.5 3.5 3.5 3.5 3.5 3.5 3.5 

TPBSS 1.O 1.O 1.O 1.O 1.O 1.O 1.O 1.O 1.O 

10 HM/MDP (weight ratio) O.O2 O.O2 O.O2 O.O2 O.O2 O.O2 O.O2 O.O2 O.O2 
(Meth)acrylic Acid/MDP O O.OO1 O.OO5 O.O1 O.O1 O.1 O.3 0.4 O.45 

(weight ratio) 
Adhesive Strength 

Enamel of Bovine Tooth (MPa) 20.7 21.5 21.9 21.6 22.1 22.3 21.9 17.4 14.2 
Dentin of Bovine Tooth (MPa) 20.8. 20.9 21.5 21.7 22.3 21.O 20.5 17.1. 14.1 
Peripherical Sealability 

Tooth Top Side (Enamel Side) 0.4 O.2 O.2 O3 O.3 O2 O.3 O.4 O.4 
Gingival Side (Dentin Side) 0.4 O.2 O.2 0.1 0.1 0.2 0.3 0.3 0.5 
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0176 AS is clear from the results shown in Table 6, when 
the adhesive compositions of the present invention in which 
the weight ratio of methacrylic acid/MDP or the weight ratio 
of acrylic acid/MDP is controlled to the range of 0.001 to 0.5 
(Examples 32 to 40) are used, it can be seen that very 
excellent peripherical Sealability is exhibited. 

Examples 41 to 50 
0177 Adhesive compositions composed of a phosphate 
group-containing polymerizable monomer having a different 
alkylene chain length, a hydroxyl group-containing poly 
merizable monomer having a different alkylene chain 
length, HEMA and distilled water were prepared as shown 
in Table 7. The adhesive strength test and peripherical 
Sealability test were carried out in the same manner as in 
Example 1 using these adhesive compositions. The results 
are also shown in Table 7. 

TABLE 7 

TABLE 8 

Comparative Examples 

18 19 2O 21 

Adhesive Composition (parts by weight) 
Phosphate Group-Containing 
Polymerizable Monomer (a) 

MOP 15 O O O 
MDP O 15 O O 
ADDP O O 15 O 
MHEP O O O 15 
4HM O.3 O.3 O.3 O.3 
HEMA (c) 42.5 42.5 42.5 42.5 
Distilled Water (d) 42.5 42.5 42.5 42.5 
4HM/Phosphate Group-Containing O.O2 O.O2 O.O2 O.O2 
Polymerizable Monomer (a) 
(weight ratio) 

Examples 

41 42 43 44 45 

Adhesive Composition (parts by weight) 
Phosphate Group-Containing 
Polymerizable Monomer (a) 

MOP 15 15 15 O O 
MDP O O O 15 15 
ADDP O O O O O 
MHEP O O O O O 
Hydroxyl Group-Containing 
Polymerizable Monomer (b) 

6 HM O.3 O O O O 
8 HM O O.3 O O.3 O 
10 HM O O O.3 O O.3 
12 HM O O O O O 
16 HM O O O O O 
HEMA (c) 42.5 42.5 42.5 42.5 42.5 
Distilled Water (d) 42.5 42.5 42.5 42.5 42.5 
Hydroxyl Group-Containing O.O2 O.O2 O.O2 O.O2 O.O2 
Polymerizable Monomer (b)/Phosphate 
Group-Containing Polymerizable 
Monomer (a) (weight ratio) 
Adhesive Strength 

Enamel of Bovine Tooth (MPa) 17.4 17.3 16.8. 21.9 21.8 
Dentin of Bovine Tooth (MPa) 17.5 17.8 16.1 20.5 22.9 
Peripherical Sealability 

Tooth Top Side (Enamel Side) O.7 O.3 0.4 O.S. O.3 
Gingival Side (Dentin Side) 0.6 0.3 0.5 0.4 0.3 

Comparative Examples 18 to 21 

0.178 Adhesive compositions composed of a phosphate 
group-containing polymerizable monomer having a different 
alkylene chain length, 4HM, HEMA and distilled water were 
prepared as shown in Table 8. The adhesive strength test and 
peripherical Sealability test were carried out in the same 
manner as in Example 1 using these adhesive compositions. 
The results are also shown in Table 8. 

46 47 48 49 SO 

O O O O O 
15 O O O O 
O 15 15 O O 
O O O 15 15 

O O O O O 
O O O O O 
O O O O.3 O 
O.3 O3 O O O 
O O O3 O O.3 

42.5 42.5 42.5 42.5 42.5 
42.5 42.5 42.5 42.5 42.5 
O.O2 O.O2 O.O2 O.O2 O.O2 

22.1. 19.3 18.5 17.4 17.9 
21.3 19.2 18.7 17.1. 17.8 

0.6 0.4 0.6 0.5 0.4 
0.5 0.4 0.6 0.4 0.3 

TABLE 8-continued 

Comparative Examples 

18 19 2O 21 

Adhesive Strength 

Enamel of Bovine Tooth (MPa) 17.1 21.4 19.O. 17.4 
Dentin of Bovine Tooth (MPa) 17.8 21.3 18.9 17.8 
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TABLE 8-continued 

Comparative Examples 

18 19 2O 21 

Peripherical Sealability 

Tooth Top Side (Enamel Side) 1.5 1.3 1.4 1.7 
Gingival Side (Dentin Side) 1.3 1.5 1.6 2.0 

0179 AS is clear from the results shown in Table 7, when 
the adhesive compositions in which the phosphate group 
containing polymerizable monomer and the hydroxyl group 
containing polymerizable monomer having an alkylene 
chain length of at least 6 are blended (Examples 41 to 50) are 
used, it can be seen that excellent adhesive Strength and 
excellent peripherical Sealability are exhibited. Especially, 
in the case of the combination of the phosphate group 
containing polymerizable monomer and the hydroxyl group 
containing polymerizable monomer in which the number of 
alkylene chain length is the same (Examples 42, 25, 47 and 
50), further excellent peripherical sealability is exhibited. 
0180. On the other hand, as is clear from the results 
shown in Table 8, when the adhesive compositions in which 
4HM is contained as the hydroxyl group-containing poly 
merizable monomer (Comparative Examples 18 to 21) are 
used, it can be seen that excellent adhesive Strength is 
exhibited, but peripherical Sealability is drastically deterio 
rated. 

Example 51 and Comparative Example 22 
0181 Some tests were carried out in accordance with the 
testing method for adhesive Strength and the testing method 
for peripherical Sealability of Example 1 using the adhesive 
composition of Example 3 or Comparative Example 1. 
However, as the photopolymerizable bonding material, a 
bonding material composed of 61 parts by weight of Bis 
GMA, 31 parts by weight of HEMA, 5 parts by weight of 
colloidal silica Aerosil 380, manufactured by Nippon Aero 
sil K.K., 2 parts by weight of CO, and 1 part by weight of 
DMAB was prepared and used in place of “Clearfil Mega 
bond' (manufactured by Kuraray Co., Ltd., trade name). 
0182. As a result, since the adhesive composition of 
Example 3 had an adhesive strength of 17.5 MPa against 
bovine enamel and an adhesive strength of 15.8 MPa against 
bovine dentine, adhesive Strength is excellent. In addition, 
Since the adhesive composition of Example 3 had a Score of 
0.5 for the cavity margin of a tooth top side (enamel side) 
and a Score of 0.4 for the cavity margin of a gingival side 
(dentin Side), peripherical Sealability is excellent. 
0183) On the other hand, since the adhesive composition 
of Comparative Example 1 had an adhesive strength of 17.1 
MPa against bovine enamel and an adhesive strength of 15.2 
MPa against bovine dentine, the adhesive Strength is excel 
lent. However, Since the Score for the cavity margin of a 
tooth top side (enamel Side) was 2.1 and the score for the 
cavity margin of a gingival side (dentin Side) was 2.4, 
peripherical Sealability is clearly deteriorated. 

Example 52 
0184 An adhesive composition composed of 35 parts by 
weight of MDP, 2 parts by weight of methacrylic acid, 40 
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parts by weight of HEMA, 5 parts by weight of Bis-GMA, 
10 parts by weight of 14G, 5 parts by weight of distilled 
water, 2.5 parts by weight of TMDPO, 0.5 parts by weight 
of DMAB and 0.05 parts by weight of BHT was prepared. 
Adhesive Strength was determined in accordance with the 
testing method for adhesive Strength described below using 
this adhesive composition. As a result, Since the adhesive 
strength against bovine enamel was 17.5 MPa and the 
adhesive strength against bovine dentine was 14.6 MPa, 
adhesive Strength is excellent. 
0185. In addition, peripherical sealability was determined 
in accordance with the testing method for peripherical 
Sealability described below. As a result, Since the Score for 
the cavity margin of a tooth top side (enamel Side) was 0.3 
and the score for the cavity margin of agingival side (dentin 
Side) was 0.3, peripherical Sealability is excellent. 
0186 Testing Method for Adhesive Strength 
0187 Bovine front teeth were smoothly wet-grinded with 
#1000 silicon carbide paper (manufactured by Nippon Ken 
Shi K.K.) to expose their enamel Surfaces or dentin Surfaces, 
and thereafter water on the Surfaces was blown away with a 
dental air Syringe. An adhesive tape having a thickness of 
about 150 um with a hole opening having a diameter of 3 
mm was pasted to the exposed enamel Surfaces or dentin 
Surfaces, and the adhesive composition obtained in Example 
52 was applied in a thickness of about 100 um to the hole 
with a brush. After 30 seconds, the resulting coat was 
photo-irradiated with a dental photoirradiator “LIGHTEL 
II” (manufactured by Gunma Ushio Denki K.K., trade name) 
for 30 seconds to cure the coat. Further, a commercially 
available photopolymerizable dental composite resin 
“Clearfil AP-X” (manufactured by Kuraray Co., Ltd., trade 
name) was mounted on the cured coat, and covered with a 
film made of EVAL (manufactured by Kuraray Co., Ltd., 
registered trademark). Thereafter, the Slide glass was pressed 
over the film, and photo-irradiated for 40 seconds with the 
above-mentioned photoirradiator to cure the composite 
CS. 

0188 A stainless steel rod was bonded to the cured 
Surface with a commercially available dental resin cement 
“Panavia 21” (manufactured by Kuraray Co., Ltd., trade 
name) to give a test piece. After 30 minutes, the test piece 
was immersed in water of 37 C. for 24 hours, and thereafter 
a thermal cycle comprising immersing the test piece in cold 
water of 4 C. for one minute and in hot water of 60° C. for 
one minute was carried out 2000 times. Thereafter, its 
adhesive strength was determined. A universal tester (manu 
factured by Instron) was used for the determination of the 
adhesive Strength, and the tensile adhesive Strength was 
determined under the conditions of a croSS head Speed of 2 
mm/minute. The determination value for each adhesive 
Strength was expressed as an average value of the determi 
nation values of 8 test pieces. 
0189 Testing Method for Peripherical Sealability 
0190. A cavity having a diameter of about 4 mm and a 
depth of about 3 mm was formed by using a dental air 
turbine so that the cervical line of the molar portion of a 
human evulsed tooth was positioned at the center. The 
adhesive composition obtained in Example 52 was applied 
to the internal Surface of the cavity So that its thickness 
became about 100 um. After 30 seconds, the resulting coat 



US 2002/0198284 A1 

was photo-irradiated for 30 seconds with a dental photoir 
radiator “LIGHTEL II” (manufactured by Gunma Ushio 
Denki K.K., trade name) to cure the coat. Further, a com 
mercially available photopolymerizable dental composite 
resin “Clearfil AP-X” (manufactured by Kuraray Co., Ltd., 
trade name) was filled in the cavity, and photo-irradiated for 
40 seconds with the above-mentioned photoirradiator to cure 
the composite resin. Subsequently, in order to prevent the 
penetration of the colorant from the tip of tooth root and the 
scissure at crown and the like, “Clearfil Megabond” (manu 
factured by Kuraray Co., Ltd., trade name) was applied to 
the portions other than the cavity restorative portion and its 
Surroundings, and photo-irradiated for 30 Seconds with the 
above-mentioned photoirradiator to cure the resin. 
0191 The resulting test piece was immersed in water at 
37 C. for 24 hours, and thereafter a thermal cycle compris 
ing immersing in cold water of 4 C. for one minute and in 
hot water of 60° C. for one minute was carried out 2000 
times. Next, the test piece was immersed in a 0.2% aqueous 
basic fuchsine solution at 37 C. for 24 hours, and thereafter 
the test piece was taken out from the Solution and washed 
with water. The test piece was dried with a dental air Syringe, 
and its restored portion was divided into three portions 
lengthwise using a low-speed diamond cutter to give three 
Slices per tooth. Fifteen Slices were prepared from five molar 
teeth from human teeth in total. The evaluation of the 
penetration of the colorant was made in accordance with the 
evaluation method of Example 1. 

Comparative Example 23 

0.192 An adhesive composition in which methacrylic 
acid was removed from the adhesive composition used in 
Example 52 was prepared. Adhesive Strength was deter 
mined in accordance with the testing method for adhesive 
Strength of Example 52 using this adhesive composition. AS 
a result, Since the adhesive Strength against bovine enamel 
was 17.2 MPa and the adhesive strength against bovine 
dentine was 14.3 MPa, adhesive strength is excellent. On the 
other hand, peripherical Sealability was determined in accor 
dance with the testing method for peripherical Sealability of 
Example 52. However, Since the Score for the cavity margin 
of a tooth top side (enamel side) was 1.5 and the Score for 
the cavity margin of a gingival side (dentin Side) was 2.0, 
peripherical Sealability is drastically deteriorated as com 
pared to Example 52. 

Example 53 

0193 An adhesive composition composed of 34 parts by 
weight of MDP, 2 parts by weight of 10HM, 40 parts by 
weight of HEMA, 5 parts by weight of Bis-GMA, 5 parts by 
weight of 9G, 5 parts by weight of UDMA, 5 parts by weight 
of distilled water, 3 parts by weight of TMDPO, 0.5 parts by 
weight of CQ, 0.5 parts by weight of DMAB and 0.05 parts 
by weight of BHT was prepared. Adhesive strength was 
determined in accordance with the testing method for adhe 
Sive Strength of Example 52 using this adhesive composi 
tion. As a result, Since the adhesive Strength against bovine 
enamel was 16.5 MPa and the adhesive strength against 
bovine dentine was 14.1 MPa, adhesive strength is excellent. 
In addition, peripherical Sealability was determined in accor 
dance with the testing method for peripherical Sealability of 
Example 52. As a result, Since the Score for the cavity margin 
of a tooth top side (enamel side) was 0.3 and the score for 
the cavity margin of a gingival side (dentin Side) was 0.3, 
peripherical Sealability is excellent. 
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Comparative Example 24 

0194 An adhesive composition in which 10HM was 
removed from the adhesive composition used in Example 53 
was prepared. Adhesive Strength was determined in accor 
dance with the testing method for adhesive Strength of 
Example 52 using this adhesive composition. As a result, 
Since the adhesive Strength against bovine enamel was 16.6 
MPa and the adhesive Strength against bovine dentine was 
13.9 MPa, adhesive strength is excellent. On the other hand, 
peripherical Sealability was determined in accordance with 
the testing method for peripherical Sealability of Example 
52. However, since the score for the cavity margin of a tooth 
top side (enamel Side) was 1.5 and the Score for the cavity 
margin of a gingival Side (dentin Side) was 2.0, peripherical 
Sealability is clearly deteriorated as compared to Example 
53. 

Example 54 

0.195 Adhesive strength was determined in accordance 
with the testing method for adhesive strength described 
below using the adhesive composition of Example 52. AS a 
result, Since the adhesive Strength against bovine enamel 
was 21.5 MPa and the adhesive strength against bovine 
dentine was 14.1 MPa, adhesive strength is excellent. In 
addition, peripherical Sealability was determined in accor 
dance with the testing method for peripherical Sealability 
described below. AS a result, Since the Score for the cavity 
margin of a tooth top side (enamel Side) was 0.1 and the 
Score for the cavity margin of a gingival Side (dentin Side) 
was 0.6, peripherical Sealability is excellent. 
0196) Testing Method for Adhesive Strength 
0.197 Bovine front teeth were smoothly wet-grinded with 
#1000 silicon carbide paper (manufactured by Nippon Ken 
Shi K.K.) to expose their enamel Surfaces or dentin Surfaces, 
and thereafter water on the Surfaces was blown away with a 
dental air Syringe. An adhesive tape having a thickness of 
about 150 um with a hole opening having a diameter of 3 
mm was pasted to the exposed enamel Surfaces or dentin 
Surfaces. A 40% aqueous phosphoric acid Solution was 
applied to the hole portion, and washed with water after 15 
seconds passed. Water was gently wiped off with absorbent 
cotton so that the tooth etched by phosphoric acid would not 
be dried. The adhesive composition obtained in Example 52 
was immediately applied to the hole with a brush so that its 
thickness became about 100 lum. After 30 seconds, the 
resulting coat was photo-irradiated with a dental photoirra 
diator “LIGHTEL II” (manufactured by Gunma Ushio 
Denki K.K., trade name) for 30 seconds to cure the coat. 
Further, a commercially available photopolymerizable den 
tal composite resin “Clearfil AP-X” (manufactured by 
Kuraray Co., Ltd., trade name) was mounted on the cured 
coat, and covered with a film made of EVAL (manufactured 
by Kuraray Co., Ltd., registered trademark). Thereafter, the 
Slide glass was pressed over the film, and photo-irradiated 
for 40 seconds with the above-mentioned photoirradiator to 
cure the composite resin. 
0198 A stainless steel rod was bonded to the cured 
Surface with a commercially available dental resin cement 
“Panavia 21” (manufactured by Kuraray Co., Ltd., trade 
name) to give a test piece. After 30 minutes, the test piece 
was immersed in water of 37 C. for 24 hours, and thereafter 
a thermal cycle comprising immersing the test piece in cold 
water of 4 C. for one minute and in hot water of 60° C. for 
one minute was carried out 2000 times. Thereafter, its 
adhesive strength was determined. A universal tester (manu 
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factured by Instron) was used for the determination of the 
adhesive Strength, and the tensile adhesive Strength was 
determined under the conditions of a croSS head Speed of 2 
mm/minute. The determination value for each adhesive 
Strength was expressed as an average value of the determi 
nation values of 8 test pieces. 
0199 Testing Method for Peripherical Sealability 
0200. A cavity having a diameter of about 4 mm and a 
depth of about 3 mm was formed by using a dental air 
turbine so that the cervical line of the molar portion of a 
human evulsed tooth was positioned at the center. A 40% 
aqueous phosphoric acid Solution was applied to the internal 
surface of the cavity, and washed with water after 15 
seconds. Water was gently wiped off with absorbent cotton 
so that the tooth etched by phosphoric acid would not be 
dried. The adhesive composition obtained in Example 52 
was immediately applied to the internal Surface of the cavity 
so that its thickness became about 100 lum. After 30 seconds 
passed, the resulting coat was photo-irradiated for 30 Sec 
onds with a dental photoirradiator “LIGHTEL II” (manu 
factured by Gunma Ushio Denki K.K., trade name) to cure 
the coat. Further, a commercially available photopolymer 
izable dental composite resin “Clearfil AP-X” (manufac 
tured by Kuraray Co., Ltd., trade name) was filled in the 
cavity, and photo-irradiated for 40 seconds with the above 
mentioned photoirradiator to cure the composite resin. Sub 
Sequently, in order to prevent the penetration of the colorant 
from the tip of tooth root and the SciSSure at crown and the 
like, “Clearfil Megabond” (manufactured by Kuraray Co., 
Ltd., trade name) was applied to the portions other than the 
cavity restorative portion and its Surroundings, and photo 
irradiated for 30 seconds with the above-mentioned photoir 
radiator to cure the resin. 

0201 The resulting test piece was immersed in water at 
37 C. for 24 hours, and thereafter a thermal cycle compris 
ing immersing in cold water of 4 C. for one minute and in 
hot water of 60° C. for one minute was carried out 2000 
times. Thereafter, the test piece was immersed in a 0.2% 
acqueous basic fuchsine solution at 37 C. for 24 hours, and 
thereafter the test piece was taken out from the Solution and 
washed with water. The test piece was dried with a dental air 
Syringe, and its restored portion was divided into three 
portions lengthwise using a low-speed diamond cutter to 
give three Slices per tooth. Fifteen Slices were prepared from 
five molar teeth from human teeth in total. The evaluation of 
the penetration of the colorant was made in accordance with 
the evaluation method of Example 1. 

Comparative Example 25 
0202) Adhesive strength was determined in accordance 
with the testing method for adhesive strength of Example 54 
using the adhesive composition of Comparative Example 
23. As a result, Since the adhesive Strength against bovine 
enamel was 21.2 MPa and the adhesive Strength against 
bovine dentine was 14.1 MPa, adhesive strength is excellent. 
On the other hand, peripherical Sealability was determined 
in accordance with the testing method for peripherical 
sealability of Example 54. However, since the score for the 
cavity margin of a tooth top side (enamel Side) was 0.8 and 
the Score for the cavity margin of a gingival side (dentin 
Side) was 2.4, peripherical Sealability is clearly deteriorated 
as compared to Example 54. 

Example 55 
0203) Adhesive strength was determined in accordance 
with the testing method for adhesive strength described 
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below using the adhesive composition of Example 24. AS a 
result, Since the adhesive Strength against bovine enamel 
was 18.6 MPa and the adhesive strength against bovine 
dentine was 9.6 MPa, adhesive strength is excellent. In 
addition, peripherical Sealability was determined in accor 
dance with the testing method for peripherical Sealability 
described below. AS a result, Since the Score for the cavity 
margin of a tooth top side (enamel Side) was 0.2 and the 
Score for the cavity margin of a gingival Side (dentin Side) 
was 0.4, peripherical Sealability is also excellent. 
0204 Testing Method for Adhesive Strength 
0205 Bovine front teeth were smoothly wet-grinded with 
#1000 silicon carbide paper (manufactured by Nippon Ken 
Shi K.K.) to expose their enamel Surfaces or dentin Surfaces, 
and thereafter water on the Surfaces was blown away with a 
dental air Syringe. An adhesive tape having a thickness of 
about 150 um with a hole opening having a diameter of 4 
mm was pasted to the exposed enamel Surfaces or dentin 
Surfaces, and the adhesive composition obtained in Example 
24 was applied to the hole with a brush. The adhesive 
composition was allowed to Stand for 30 Seconds, and 
thereafter dried with an air Syringe to a degree Such that the 
adhesive composition had no fluidity. 

0206. A stainless steel rod was bonded to the applied 
Surface of this adhesive composition with a commercially 
available dental resin cement “Panavia 21” (manufactured 
by Kuraray Co., Ltd., trade name) to give a test piece. After 
30 minutes, the test piece was immersed in water of 37 C. 
for 24 hours, and thereafter a thermal cycle comprising 
immersing the test piece in cold water of 4 C. for one 
minute and in hot water of 60° C. for one minute was carried 
out 2000 times. Thereafter, its adhesive strength was deter 
mined. A universal tester (manufactured by Instron) was 
used for the determination of the adhesive Strength, and the 
tensile adhesive Strength was determined under the condi 
tions of a croSS head Speed of 2 mm/minute. The determi 
nation value for each adhesive Strength was expressed as an 
average value of the determination values of 8 test pieces. 
0207 Testing Method for Peripherical Sealability 

0208. A cavity having a diameter of about 4 mm and a 
depth of about 3 mm was formed by using a dental air 
turbine so that the cervical line of the molar portion of a 
human evulsed tooth was positioned at the center. An 
impression was prepared by using a commercially available 
dental rubbery elastic impression material “Exafine” (manu 
factured by K.K. G. C., trade name), and thereafter a cured 
product of a dental crown material “Estenia” (manufactured 
by Kuraray Co., Ltd., trade name) was prepared. The Surface 
of the cured product was coated with a 40% aqueous 
phosphoric acid Solution for 5 Seconds, washed with water, 
and dried. Further, a dental porcelain bonding material 
“Clearfil Porcelain Bond' (manufactured by Kuraray Co., 
Ltd., trade name) was applied thereto, and dried with a 
dental air Syringe. 
0209 The adhesive composition obtained in Example 24 
was applied to the internal Surface of the cavity, and the 
adhesive composition was allowed to Stand for 30 Seconds, 
and thereafter dried with the air Syringe to a degree Such that 
the adhesive composition had no fluidity. The cured product 
of Estenia (manufactured by Kuraray Co., Ltd., trade name) 
was glued with a dental resin cement "Panavia 21” (manu 
factured by Kuraray Co., Ltd., trade name), and thereafter an 
exceSS paste was removed. After 5 minutes passed from 
gluing, "Oxyguard II' (manufactured by Kuraray Co., Ltd., 
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trade name) was applied to the peripherical portion to cure 
the Surface of the resin cement, and after 10 minutes passed, 
Oxyguard II was removed with a water gun. Subsequently, 
in order to prevent the penetration of the colorant from the 
tip of tooth root and the SciSSure at crown and the like, 
“Clearfil Megabond” (manufactured by Kuraray Co., Ltd., 
trade name) was applied to the portions other than the cavity 
restorative portion and its Surroundings, and photo-irradi 
ated for 30 seconds with the above-mentioned photoirradia 
tor to cure the resin. 

0210. The resulting test piece was immersed in water at 
37 C. for 24 hours, and thereafter a thermal cycle compris 
ing immersing in cold water of 4 C. for one minute and in 
hot water of 60° C. for one minute was carried out 2000 
times. Thereafter, the test piece was immersed in a 0.2% 
acqueous basic fuchsine solution at 37 C. for 24 hours, and 
thereafter the test piece was taken out from the Solution and 
washed with water. The test piece was dried with a dental air 
Syringe, and its restored portion was divided into three 
portions lengthwise using a low-speed diamond cutter to 
give three Slices per tooth. Fifteen Slices were prepared from 
five molar teeth from human teeth in total. The evaluation of 
the penetration of the colorant was made in accordance with 
the evaluation method of Example 1. 

Comparative Example 26 

0211) Adhesive strength was determined in accordance 
with the testing method for adhesive strength of Example 55 
using the adhesive composition of Comparative Example 
16. As a result, since the adhesive strength against bovine 
enamel was 18.3 MPa and the adhesive strength against 
bovine dentine was 9.3 MPa, adhesive strength is excellent. 
On the other hand, peripherical Sealability was determined 
in accordance with the testing method for peripherical 
sealability of Example 55. However, since the score for the 
cavity margin of a tooth top side (enamel Side) was 1.7 and 
the Score for the cavity margin of a gingival side (dentin 
Side) was 1.9, peripherical Sealability is deteriorated as 
compared to Example 55. 

0212. Since the adhesive composition of the present 
invention Strongly bonds to a tooth and shows excellent 
peripherical Sealability, it can be Suitably used for bonding 
a hard tissue with a resin material in the medical field and the 
dental field. 

0213. In addition, the adhesive composition of the 
present invention can improve peripherical Sealability espe 
cially for a tooth, So that the penetration of the bacterial 
caries into the bonding portion can be Suppressed, whereby 
regeneration of caries can be prevented. Therefore, the 
adhesive composition is highly valuable in the contribution 
to dental therapy. 

What is claimed is: 

1. An adhesive composition comprising: 

(a) at least one acidic group-containing polymerizable 
monomer Selected from the group consisting of a 
phosphate group-containing polymerizable monomer, a 
pyrophosphate group-containing polymerizable mono 
mer, a thiophosphate group-containing polymerizable 
monomer and a Sulfonate group-containing polymeriz 
able monomer; 
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(b) a polymerizable monomer represented by the general 
formula (I): 

(I) 

HC 

Y 

wherein R' is hydrogen atom or methyl group; R is a 
halogen atom, hydroxyl group, mercapto group or 
-O-R-OH group, wherein R is an alkylene group 
having 6 to 25 carbon atoms, and Y is oxygen atom or 
Sulfur atom; and 

(c) at least one hydrophilic polymerizable monomer 
Selected from the group consisting of hydroxyalkyl 
(meth)acrylates having an alkylene group of 2 or 3 
carbon atoms, di-, tri- or tetra-hydroxy (meth)acrylates 
having an alkylene group of 3 to 5 carbon atoms, 
mono-, di- or tri-hydroxy di(meth)acrylates having an 
alkylene group of 3 to 5 carbon atoms, (meth)acryloy 
loxyalkyl trialkylammonium halides having an alky 
lene group of 2 to 20 carbon atoms, (meth)acrylamides; 
mono- or di(hydroxyalkyl) (meth)acrylates having 2 or 
3 carbon atoms, and 
polyethylene glycol di(meth)acrylates having at least 9 

oxyethylene groups, wherein the weight ratio of the 
polymerizable monomer (b)/acidic group-containing 
polymerizable monomer (a) is 0.001 to 0.5. 

2. The adhesive composition according to claim 1, 
wherein the acidic group-containing polymerizable mono 
mer (a) is a phosphate group-containing polymerizable 
OOC. 

3. The adhesive composition according to claim 2, 
wherein the phosphate group-containing polymerizable 
monomer is represented by the general formula (II): 

(II) 
R4 O 

o-R-O--or 
HC 

OH 
O 

wherein R" is hydrogen atom or methyl group; R is an 
alkylene group having 6 to 25 carbon atoms; and R is 
hydrogen atom, an alkyl group or phenyl group. 

4. The adhesive composition according to claim 1, 
wherein the polymerizable monomer (b) is a hydroxyl 
group-containing polymerizable monomer represented by 
the general formula (III): 

(III) 

O-R-OH 
HC 

O 

wherein R is hydrogen atom or methyl group; and R is an 
alkylene group having 6 to 25 carbon atoms. 
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5. The adhesive composition according to claim 1, 
wherein the acidic group-containing polymerizable mono 
mer (a) is a phosphate group-containing polymerizable 
monomer represented by the general formula (II): 

(II) 
R4 O 

O-R-O-P-OR6 
HC 

OH 

wherein R is hydrogen atom or methyl group; R is an 
alkylene group having 6 to 25 carbon atoms; and R is 
hydrogen atom, an alkyl group or phenyl group, and the 
polymerizable monomer (b) is a hydroxyl group-containing 
polymerizable monomer represented by the general formula 
(III): 

(III) 

O-R-OH 
HC 

wherein R' is hydrogen atom or methyl group; and R is an 
alkylene group having 6 to 25 carbon atoms, and R is 
identical to R". 

6. The adhesive composition according to claim 1, 
wherein the polymerizable monomer (b) comprises a 
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hydroxyl group-containing polymerizable monomer repre 
sented by the general formula (III): 

(III) 

O-R-OH 
HC 

O 

wherein R is hydrogen atom or methyl group; and R is an 
alkylene group having 6 to 25 carbon atoms, and a poly 
merizable monomer represented by the general formula 
(IV): 

(IV) 

HC 

Y 

wherein R is hydrogen atom or methyl group; R is a 
halogen atom, hydroxyl group or mercapto group; and Y is 
oxygen atom or Sulfur atom. 

7. The adhesive composition according to claim 1, further 
comprising (d) water. 

8. The adhesive composition according to claim 1, further 
comprising (e) a polymerization initiator. 


